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Abstract 

We present a IV 1.90Hz cascode bipolar LNA, which 
Si^mW, ha, a gain of lO^dB, NF of 2.3dB,ar^ 
npTtf _3.7dB. The relatively Ugh lmearrty was achieved 
without compromising power dissipawn, ^n, and ooise 
figure in cwaparison to a conventional cascade una. 

I. iativdndfeii . „_ 

The demand for low voltage and low power m Rf 
transcervera has motivated designers to dcvel^ «w 
circuit topologies to optimize iwise, j»wer dias^atio^ ana 
Unenrity. While low voltage low noise amplifieis (LNA) 
J^TbLi designed between 1 to 2 Vote [1^. Uw key 
&ctor that constraints the low voltage/power RF dengn is 
the limited options in topology. W= pr«em a ow voltage 
LMA that has been realized in a RF IC bipolar procew. 
Thia topology « best described as a. folded cascode 
sauctme. The topology uses canaemvely coupted LC 
resonating elements to reduce the voltage supply, but still 
maintain a relatively high linearity without sacrificing 
either noise figure or gain. 
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blockMe* I^A's and nnxers) use DC. eurient sbarag to 
JS to necessary biasing, firictionatty. ^ 
Stance. Figure la shows an «^ 
SemS «JdeM< This topology requires 

two stacked transistors for fijnetionahry 


Foktid 
Caseoded 


Convernoiwl 
Cascaded 


co ovaIlio^^c»«^^ no «* ,, *^ ^ifie,s • 

The wnventioivd cascode offas higher stability and 
allcws siinultaneous matching to both u«sc and 
ifflpedanM [ 4] . if each ^r ^ 8 ^ ^tX£ 
0.8V (i.o. the mm on voltage of a BTt), « 
nunirmrm supply voltage required is 1JV\ F*J« 
c^veutir^^code antflifier, both DC and AC cmrcna 
are shared between the two uaasistors. J^^ 00 " 1 **?; 

AC and DC aureate the DCvottjge jrcpply 
copM be reduced. Figure lb depicts J^i^ 
coupling scheme. In this topology two on chip 
Sg of 7.5nH inductors are contacted via a couplmg 
capacitor m on ami^ynHne^ 

Ttas "^-symmetry" original from the *^ ^ 
Rf trap (LCI) ia connected between the collector of 
SSr TI and the DC supply, whereas the Iff trap 
(LC2) is connected between the emitter of T2 tad me 
RF/DC ground. Tie inductor connected to Ac ° f 
T2 functions as a relatively high inipedanoeload at Iff. the 

SnVSmvely high" ^ be •^Sfi^Tta 
However, the BF traps provide a low DC impedance. The 
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coupling capacitor couples the RF signal between 
outers Tland 17, This atrangement ensures that fl^e 
U no DC current storing between the ™ 
Furthnrncre.su** tte^ 

headroom, the required mininwm volttge supply * only 
0 8V, instead of 1.6V. The inductors thai make up the RF 
naps could consist of either on chip spiial i^udtora or 
bond-wires. In our design, both on chip spiral inductors 
and bond-wires were used. 

m, Analysis sad Design .,.,„.„ 
For the circuit to operate as a «J-dj * J™™* 
conditions need to be enforced « The 
collector current gpneratedbyTl (i^^VjjJsbmadbe&d 
Zo the transconductance of TZ (d)The gam at the 
equivalent output node of Tl, relative tothe mput vdjage 
Z) should be near unity (this is to reduce the overall 
Miller effect). At RF. in order for the input cmrent »om 
Tl fLe, A.iVk,) to drive the output resistance (i.e. of 
S. c^e iC^es the LC tank to have a relatively bgh 
inmedauce. Since the Q'a of on chip uxUictora are fimte m 
vatoeTftT reaiatance of the LC network is also fimte rn 
value at rtaonance. The equivalent «sistar« at lesonance 
of the LC tanks is given by, 


(1) 
(3) 


where R, and R» represent , the series resistance of the 
inductors L, and U at RF. respectively, and R* and 
denote the resistaoce of the LC, and Ld tanks ^ 
resonance, respectively. The key bo designing these RF 
traps is to control the RF coupling between the RF traps 
and the transistor elements, Tl and T2 through the 
coupling capacitor. For the proper functionality of the 
chtaih. the RF traps should have a high-impettaice _m 
comparison to the impedance seen at the emitter of TL 
This condition is enforced i£ 


R A » 


and. 


Sml 



0) 


(4) 


By using typical values for the design components one 
can check to see if conditions (3) and (4) are reasonable. 
The effective impedance at 1 3GHz for an cm chip 7JtiH 
inductor with Q-factor of S (excluding the external bond 
wires) is ~90fl. likewise, a coupling capacitance of 
valued,- 60 nF has an effective impedance of iAO.. At a 
RF frequency of 1.9GHz and a Q of 5, R,, =500fl. 
Equation (3) thus predicts that 1/ Sm2 « 500ft. Hence for 
a collector current of 2mA, the transconductance for the 
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s^ond stage is approximately Ug ml ^&- Therefore 
conditions (3) and (4) can be easily satisfied. 

To compare the functionality and performance of the 
low voS&lded cascode topology atl£ «^P™ 
was made with la conventional cascade amplifier at 
1 .Wife opemting at ZV fabricated on tte same chip. 

A mature 25GHz RF bipolar process "^J? 
abricate the circuits. The technology is de^bed mtfl. 
STyout is shown in Figure 2. Figure J Oh^es to 

me classic caseode). Both circuits were sumOated using. . 
HSPICE and libra. The on-chip inductors were simulated 
using models extracted to ra measurement results. 

Thedctausofthede^aiflpovidedbdow: 

^ThTtransistors woe biased such that the unity eumart 
gain gut offset** $ was approximately fivetmea die 
B> operating frequency of 1.3GHz- To achieve tha, a 
2Ll Kc£ Srf 4mA (ie. 2mA V"™"**™ 
required for properly biasing the low voltage structure 
SaorS and the banner wltag« to th* 
Nocture we« set to IV and 0.81V, wmec*vdy. Tto 
SvSnal caseode was biased at 2V urn* a «d 
collector current of 2 mA. The collector-base voltage of T2 
for the structure was set to 1.8 1 V. 

" £ ^^^^ Ports of the LNA's were j^wer 
matched with off chip moderately high Q_ hnnped LC 
components on a 0.063-inch thick FR4 board with SMA 
i/o ports. To minimize external losses, the diraensions ot 
the board were kept smaller than a wavelengUi at the 
operating frequency. Power matching was^achteved by 
Irid^exSbond-wire inductors to the ba» and 
confer of the input transistors see Figure la and lb^The 
values of external bond-wire indnctoxs tt tte base and at 
the emitter of Tl were selected such that tfc smput 
impedance to the amplifier was fairly close to 50 etas. fa 
order to nnprove the matthing condition, aottoonal SNflJ 
chip mductor was added in series with the inductive base 
bond-wires. In our simulations, we also included the 
parasitic effects associated with the pads. 

Noise matching was achieved by first determining the 
optimum noise tepedance, Z# of a single finger transistor 
Waled at VaHV and V^-Ml- To jjew ootse 
matching. U number of fingers where added such that 
tt-R^UtotitiOa A value of ^fingers were used in our 
u^mwLtions. hut was modified to take into account 
the external emitter and base band wire inductance, and 
the various other components. 
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I. v* 


Canaritivelv ^ T J f A Res*™**™ . . 

The capariuvcly coupling elements in the low voltage 
circuit was optimized to enforce: (i) majority of the 
tranwaductance RF current generated by Tl should lie 
fed into 22. and (ii) to prevent oscillations the gain at the 
collect or of 77 was near unity. 


For comparison, we have ensured that Optimal power 
and noise matching was achieved for both designs 
Furthennore, we have ensured that both designs have 
similar layouts (i.e. they are mirror images of each other) 
except for the use of the capaeitively coupled resonating 
clement in the low voltage topology, m addition, both 
bipolar transistors Tl and T2 on both designs were made 
geometrically identical. 
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the conventional cascode. The IV structure had an Iff 3 of 
-3 7 dBra, whereas Hie amvenmmal cascode operating at 
2 V has an HP3 of-7.9dBm, The enhancement in IIP3 « 
due to the phase and filtering rcsfjoroc of the LC tanla. 

The variation of DP3 with me DC supply voltage is 
shown in Figure 5. The supply voltage of the folded 
cascode was brought down to 0.8V whereas for the 
conventional cascode it was brought down to ^-P* 
IIP3 of the folded cascode has a inaximMm value of Ot^n 4 
for a supply ullage of 15V (Le. 6mW of DC power). T*e 
conventional cascode was measured to have an are ot - 
l4dBm at IJ5V (U. 3mW of DC-M- This 3MW 
increasB in power for the folded cascode is odl^mmor 
power penalty eonsiu^rmg the 1 4dB increase m 


OflSOPdnLNA 

IV. Results and Condnsons 

Figure 3 shows the measured gain (S21 dB) for bom 
the folded and classic cascode structures. The 
characteristics are very similar. However, the folded 
structure has an additional SdB gain at me lower band edge 
at li GHz and tends to have a fester roll off on the upper 
band edge at The losses associated in the extonal 

1£ matching ditufcb^ 

The distortion characteristics were measured using two 
tones at l,8S5GHz and 1.905 GHz- The measured 1IW and 
1-dB compression points for both designs are shown in 
Figure 4. The folded cascode LNA has better linearity than 
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Figure 6 summarizes the test results for both 
amplifiers. The noise figures of the folded and classical 
cascode were measured to be 23dB and 2.1dB, 
respectively when matched for maximum power. 

When matched for noise, the minimum noise figure 
was measured to be 2-0 dB and 1.9dB for the folded and 
classic cascode structures respectively. Since the measured 
value of the rmronum noise figure was close to the noise 
figure when the devices were power inarched, implies that 
both structures were matched for noise and power. 
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Figure 6 also compares our results to other low voltage 
LNA'e found in the literature 

The IV classical ca&code by Callaway had a relatively 
low JJP3 of-22dB. Hie low voltage topology by Long * l - 
a/, was implemented within a SLGe bipolar process and 
was measured to having an HP3 of -4.5dB and a noise 
figure at SQd of 1.75dB. However, the miniroum noise 
figure was determined to be 0.954B* 
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These low noise figure values are a strong 
function of the SiGe-base structure. The results of a 
CMOS 1.5GHz LNA are also summarized in Figure 
6. For this structure, a significant amount of power 
was required iir*order to reduce the noise figure to 
3JdB. 
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